The paper presents the results of punching shear values with reinforcement based on calculations of two and four storey cast-in-place reinforced concrete flat plate system buildings with spans of 4 m and 7 m by LIRA, Design Expert and RCM ACI-builder software in accordance with Armenian, Russian, European and American building standards under earthquake loading. In contrast to Eurocode 2 (EN 2) and American Concrete Institute (ACI), the building codes of the Republic of Armenia (SNiP) do not include the influence of bending moment in shear stress equation. The effect of punching shear on both interior and edge columns was carried out. To analyze the systems finite element method (FEM) was used. The results of comparison analysis show that according to SNiP the shear stresses do not exceed the limit even without reinforcement, whereas by foreign standards the differences between peak shear stresses with reinforcement and permissible shear reinforcement are marginal.
INTRODUCTION
A flat-plate floor system is a two-way concrete slab supported directly on columns with reinforcement in two orthogonal directions (Fig. 1) . This system, which is popular in residential buildings (hotels, apartments and restaurants), has the advantages of simple construction and formwork and a flat ceiling, the latter of which reduces ceiling finishing costs because the architectural finish can be applied directly to the underside of the slab. Shear stresses at edge columns and corner columns are particularly critical because relatively large unbalanced moments can occur at those locations [1] . There are several types of reinforcement to provide the shear strength, such as headed shear stud and stirrup reinforcement (Fig. 2) . Buildings which are erected by flat plate systems became widespread in the Republic of Armenia, because of free planning and they are economically and ecologically profitable. Armenia is placed in a seismic region and the territory is divided in three seismic zones, where the accelerations of ground can be equal to 0,2g, 0,3g and 0,4g respectively [2] . Intersection of column and slab during the seismic action is risky because the bending moments can be notable. Consequently, the effect of earthquake loading is an important task for future calculations of flat plate systems. Last researches [3] have shown that the punching shear values according to SNiP [4] are satisfying the shear conditions without reinforcement, while in accordance with Russian standards (SP) [5] and EN 2 [6] these values are approximately 2,5 -3,0 times larger than allowable, therefore it is necessary to put the additional steel bars for providing shear resistance. The main goal of the article is to obtain the shear stresses with reinforcement according to Armenian and foreign building codes, to check the general conditions of shear and to see how is affected the bending moment to punching shear observing various positions of columns, spans and storeys.
INITIAL DATA OF TASK
The cast-in-place reinforced concrete flat plate system buildings are investigated in the paper. The buildings have two and four storeys with spans of 4 m and 7 m. Each storey height is equal to 3,0 m. The strength class of concrete is C16/20 (B20) and the grade of steel bar is Grade 500 (A500C). In flat plate building the slabs have 22 cm thickness and the square columns have 50×50 cm cross sections. All loads are assumed by the building standards. For comparison analysis not only SNiP, SP, EN 2 and ACI 318 [7] are included, but also the ground accelerations 0,2g and 0,3g for the first and second seismic zones respectively in accordance with [2] . Also the analyses of interior and edge columns are involved which are shown in 
PUNCHING SHEAR DESIGN OF SLABS WITH SHEAR REINFORCEMENT
As shear reinforcement for current computations stirrups were chosen. All calculations by LIRA, Design Expert and RCM ACI-builder software were performed.
A slight difference in the forces is largely due to the difference of reliability and load combination factors.
The calculations under punching shear are performed for flat reinforced concrete members (slabs), when the concentrated forces and the bending moments are existing (Fig. 4) . Design outline of transverse cross section is accepted locked and is placed around the area of the load transmission, when the platform of load transmission is located inside the flat element.
In accordance with [4] the shear stresses with reinforcement are determined from the following condition:
As noted from Eq. (1) only axial force is included. In accordance with [5] the bearing capacity of elements with transverse reinforcement under punching force taking into account the concentrated force and bending moments mutually of two perpendicular planes should satisfied: 
According to [6] at the column perimeter, or the perimeter of the loaded area, the maximum punching shear stress with reinforcement shall not be exceeded:
In the conditions (1), (2), (3) and (4) (1) and (2) shear stresses respectively will be equal to Depending on many factors like strength class of concrete, grade of steel bar, radial spacing of steel bar and control perimeter the shear reinforcement (v Rd,cs ) according to [4] is equal to 1,20 MPa, by [5] is 0,352 MPa, in case of [6] is equal to 1,526 MPa and in accordance with [7] the nominal shear strengths with reinforcement for interior and edge columns are 1,174 MPa and 1,208 MPa relatively.
The external forces gathered from FE analysis for each position of column, span and building code are shown in Tab. 1. As mentioned above the main calculations by LIRA software were carried out. By Design Expert the shear reinforcement was checked for EN 2 and by RCM ACIbuilder for ACI 318.
A more detailed meshing process for column-slab intersections was done (Fig. 5 ).
RESULTS OF FE ANALYSIS
Final results of maximum shear stresses depending on accelerations, column positions, length of spans, storey and building codes are shown in Tab. 2. The variations of shear stresses depending on storey and distances of spans in graphics are described in Fig. 6 . All graphics by Wolfram Mathematica were implemented.
The variations of shear stresses in case of seven meters and interior column according to all four building codes [4 ÷ 7] are shown in Fig. 7 .
CONCLUSION
Comparing last research [3] with current one it is obvious that the limited shear stress according to [4] increases about 1,33 times and as well as [6] grows 3.30 times. Consequently, in accordance with [4, 6] including seismic force for these types of buildings the shear reinforcement is necessary.
To sum up, the punching shear resistances apart from interior column of four storey building with seven meters spans are satisfying the shear strength condition even without reinforcement according to [4] . When is considered [5] the difference between shear reinforcement and maximum shear stress is approximately 4%. Furthermore, in accordance with [6] and [7] these differences are 34% and 7%. It means that the peak shear stresses with reinforcement and permissible shear reinforcement are very close values.
After all, in shear stress condition the interior bending moment has a significant role, especially when the structure is located in the seismic region. Relationships of shear stresses with reinforcement on number of storeys according to [4 ÷ 7] 
